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TRAPPING AND STORAGE OF FREE THERMAL NEUTRONS 
IN FULLERENE MOLECULES 

Background of the Invention 

The present invention relates to the entrapment 
and isolation of free thermal neutrons within the hollow 
cage-like structure of fullerenes. 

Fullerenes are large molecules of carbon in the 
5 form of a hollow geodesic dome containing 32 to several 

hundred carbon atoms. Fullerenes containing 60 carbons 
(C 60 ) , better known as Buckminsterf ullerene or "buckyballs, " 
are extremely stable. The C 60 f ullerene has an icosohedral 
symmetry consisting of 12 five-numbered rings and 20 six- 
10 membered rings and resembles the patchwork faces of a soccer 

ball. Another f ullerene (C 70 ) which is also very stable 
contains 25 six-membered rings and has a shape resembling a 
rugby ball. 

Studies of fullerenes indicate that this material 
15 exhibits a remarkable range of physical and chemical 

properties. For example, fullerenes have high thermal and 
mechanical stability, and have been generated with atoms 
other than carbon replacing some of the carbon atoms in the 
cage structure itself. Fullerenes also exhibit regenerative 
20 properties so that, in the event of a rupture in the 

molecule, it will reclose. 

Free neutrons, while relatively easy to produce 
and even isolate, are extremely difficult, if not impossible 
to trap and store in significant numbers for use outside the 
25 neutron generator. Neutrons are subatomic particles 

belonging to the class called baryons . They have a rest 
mass of 1.009 atomic mass units (AMU) and no electric 
charge. Neutrons are a constituent of the nucleus of all 
atoms except simple hydrogen, the number of neutrons present 
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being the difference between the mass number and the atomic 
number of the element. Neutrons may be liberated from the 
nucleus of various elements, particularly uranium-235 and 
Plutonium- 23 9 . They can also be produced by bombardment of 
other elements, e.g., beryllium, with charged particles. 

High energy neutrons such as those emitted by the 
fission of a uranium-235 nucleus in a nuclear reactor are 
called "fast" neutrons. In the reactor these fast neutrons 
are slowed down by collisions with the nuclei of the atoms 
of the reactor's moderator, typically, water or graphite. 
When a sufficient number of collisions have slowed the 
neutrons to an energy equal to the thermal energy of the 
moderator, the neutrons are called "thermal" neutrons. 
While various atoms and ions have been 
15 encapsulated within a fullerene cage, there are no known 

procedures for encapsulating neutrons within a fullerene 
molecule . 

The only previously known procedure for trapping 
free neutrons is a method in which a small number of 
neutrons are trapped using a specially designed neutron trap 
operating near absolute zero temperature. The very small 
number of neutrons and the extremely low temperature 
requirement severely restrict the ability to use this method 
for other than very limited scientific investigation. There 
25 is no known procedure for trapping and isolating neutrons 

within a molecule. Accordingly, there exists a need to be 
able to easily and economically trap and store free thermal 
neutrons for use in other applications such as scientific, 
medical and engineering, to name a few, at a location away 
3 0 from the interior of a nuclear reactor or other neutron 

generator . 
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Thermal neutrons are generated from various 
elements such as uranium-235 and plutonium-239 , e.g., in a 
fission reaction in the core of a nuclear reactor; in a 
5 particle accelerator which generates free neutrons via 

charged particle bombardment of a suitable material that, 
with moderation, produces free thermal neutrons; or via 
charged particles emitted from a radionuclide source 
bombarding a suitable target material. In accordance with 
10 the present invention, the free thermal neutrons are used to 

irradiate fullerenes which, upon exposure, trap or adduct 
the neutrons within the molecular cage of the fullerene 
molecule. After exposure, the neutrons can remain confined 
within the fullerene molecule until they are released; they 
ry 15 can decay into protons while emitting beta particle 

»P radiation and anti-neutrinos, oscillate into anti-neutrons 

*J* via naturally occurring neutron/ant i -neutron oscillation 

M" with the subsequent natural decay of ant i -neutrons into 

anti-protons while emitting positrons and neutrinos; or they 
20 can bind with protons to form deuterium and/or tritium 

nuclei or a mixture of deuterium and tritium. The 
experimentally derived neutron decay half life, based upon 
experimentation undertaken in conjunction with the 
development of the present invention, is approximately ten 
•25 minutes. This value closely agrees with published 

theoretical and experimental values. In a preferred 
embodiment, the invention relates to a C 70 fullerene 
molecule having one or more free thermal neutrons 
encapsulated within the cage-like structure of the fullerene 
3 0 molecule such that the free thermal neutrons are capable of 

being released from the fullerene at a location removed from 
the source of the neutrons by disassembling the fullerene 
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molecule using a laser, an electric field, magnetic field, 
non-coherent electromagnetic radiation, particle 
bombardment, pressurization, mechanical force, heat, 
chemical reaction, electric current, or by using any 
combination of such means. The neutron- containing or 
similar substance fullerene can also be made to impinge upon 
a thin metal foil which prevents penetration by the 
fullerene molecule but allows the neutron to pass through. 

It is a particular object of the present invention 
to provide a fullerene molecule containing, within its cage- 
like structure, one or more neutrons, and to further provide 
a method for obtaining a relatively large quantity of 
encapsulated neutrons. 



Detailed Description 

15 The present invention relates to a fullerene 

having one or more free thermal neutrons entrapped within 
the cage- like structure of the fullerene molecule and to a 
method for trapping and storing neutrons within the 
fullerene molecule. Fullerenes are large hollow molecules 

20 containing an even number of carbon atoms from about 32 to 

several hundred. In carrying out the present invention, 
fullerenes containing greater than about 3 0 carbons are 
preferred and about 60 to 84 are highly preferred with about 
60 to 70 being especially preferred. Excellent results have 

25 been obtained using fullerenes containing 70 carbon atoms. 

Fullerenes are commercially available, e.g., from SES Inc., 
Houston, TX. 

The free thermal neutrons are entrapped and 
isolated within the molecular cage of a fullerene, and the 

30 neutron-containing fullerenes may then be stored outside 

the nuclear reactor or other source of the neutrons in a 
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suitable container. In order to encapsulate the neutrons 
within the fullerene molecule, the molecule can be 
irradiated at a variable neutron flux for a variable period 
of time at a temperature effective to trap and store the 
neutrons within the fullerene molecule. It is believed that 
satisfactory results can be obtained by irradiating the 
fullerene molecule in a thermal neutron flux at a steady- 
state thermal power of about 10 to 500 kilowatts for about 5 
to 15 minutes. Typically, the neutrons are captured in the 
fullerene molecules at ambient temperatures; however, the 
efficiency of trapping free thermal neutrons within the 
fullerene molecule can be governed by controlling the 
temperature of the fullerene molecule, depending on the 
energy of the neutrons and the particular fullerene employed 
as well as other specific requirements involved. 
Theoretically, the temperature can range from near absolute 
zero to the temperature at which the fullerene ruptures. A 
neutron will remain entrapped within. the fullerene molecule 
until such time that it naturally decays into a proton or 
combines with a proton to form deuterium and/or tritium, or 
until the fullerene molecule is made to release the neutron, 
e.g., by rupturing the fullerene molecule with a laser beam, 
or other means of opening the fullerene molecule, or until 
the neutron transforms into an anti-neutron via natural 
neutron/ant i -neutron oscillation with subsequent decay of 
the ant i -neutron into an anti -proton and a neutrino. The 
rate of transformation of the trapped neutron to an anti- 
neutron via neutron/anti-neutron oscillation may be 
increased by raising the temperature of the fullerene 
0 molecule, or decreased by lowering the temperature of the 

fullerene molecule. 

The encapsulated free thermal neutrons of the 
present invention may be accelerated to energy levels that 
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do not occur naturally by placing an electrical charge on 
the fullerene molecule and then accelerating the charged 
molecule containing the neutron (s) in a particle 
accelerator. The neutrons can then be released from the 
> fullerene molecule by disassembling or trapping the molecule 

thereby releasing a uniform beam of very high energy 
neutrons . 

The encapsulated free thermal neutrons can be used 
in a variety of applications such as an analytical tool to 
identify and measure contaminants in materials. They can be 
employed as a basis for building neutron microscopes wherein 
the very atoms of materials may be observed and, since 



\Q fullerene molecules are not considered to be a 'health 

fri 



hazard, the f ullerene-encapsulated neutrons may be used in a 
fjj 15 whole myriad of medical and surgical applications. The 

"P trapped neutrons may find wide applications in environmental 

"T science, e.g., they may be used to convert hazardous 

r= materials into non-hazardous materials, etc. Also the 

fullerene molecules can be employed to trap and precisely 
CQ 2 0 position free thermal neutrons for use as irradiation 

£3 targets for other particles. 

In accordance with the invention, the method for 
producing the neutron- containing fullerene comprises 
irradiating the fullerene molecules using a source of free 
25 thermal neutrons, e.g., in the fission reaction occurring in 

the core of a nuclear reactor, via a particle accelerator 
which generates free neutrons via charged particle 
bombardment of. a suitable target material such as beryllium, 
or from an isotopic source where the free neutrons are 
30 generated via charged particles emitted from a radionuclide 

source bombarding a suitable target material, etc. 

The free neutron-containing fullerenes and the 
method for obtaining the free neutron-containing fullerenes 
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of this invention are described with reference to the 
following detailed Example. 

Example 

An irradiation vial such as a snap-top 
polyethylene or other polymeric vial is cleaned by immersing 
the vial in a bath of 100% ethyl alcohol, making sure that 
the vial is filled and completely immersed in the alcohol 
for a period of at least 10 minutes. The vial is removed 
using tweezers or other means which have been cleaned with 
ethanol and dried in an oven such as an electrically heated 
convention oven at a temperature of between about 70 and 
80°C. 

After drying, the vial is allowed to return to 
room temperature at which time it is weighed using, e.g., a 
Mettler HL-52 Digital Balance (or the equivalent) to obtain 
the mass of the empty vial within the limit of the balance 
accuracy (about 0.01 mg for the HL-52) 

Using surgical rubber gloves, the fullerene sample 
is placed in the cleaned, weighed irradiation vial, taking 
care to remove any extraneous material adhering to the 
outside of the vial. 

The filled irradiation vial is then placed into 
one of the Rabbit system carrier tubes of a nuclear reactor 
and irradiated at a steady-state thermal power of between 10 
and 500 kilowatts for a period of time of about 5 to 15 
minutes . 

Analysis of the neutron-containing fullerene is 
performed according to the following procedure. 

1 . Immediately upon removal of the sample from 
the irradiation facility, the irradiated fullerene sample is 
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poured into a metal planchet suitable for both beta and 
gamma counting. 

2 . A series of beta counts is performed using a 
BC-4 gross beta counter. Counting starts within 2-3 minutes 
5 of removal of the sample from the neutron flux. Counts are 

30 seconds in duration, and are repeated every 2 minutes. 
The clock time of each count is recorded along with the 
total beta counts detected. This series of counts proceeds 
for 12 minutes. 

10 3 . After the initial set of the counts has been 

completed, a gamma spectrographic analysis is performed on 
the irradiated sample. The gamma counts are done with a 
high resolution gamma spectroscopy system based on a 
v3 germanium detector. Counting time is about one minute in 

jjj 15 duration. After gamma counting is completed, the sample is 

J returned to the beta counter. 

4. Beginning about 20 minutes after removal of 

31 

m the sample from the reactor, the counts described in step 2 

M above are repeated. 

20 5. A gamma spectrographic analysis is performed 

again after this set of counts is completed. Counting time 
for gamma analysis may be increased proportionately to allow 
for decay of short-lived radionuclides. 

6. The process of beta counting and gamma 
25 counting is repeated at future times. Only a single beta 

count is done once the second set of counts is completed. A 
gamma count is done after each beta count . 

7 . Depending on isotopes detected after each 
gamma count, the process is extended over several days for 

30 half -life stripping and analysis. 

8. Gamma spectrographic analysis results are 
reviewed to determine the most likely point at which neutron 
decay information might be discernible. Generally, if Al-28 
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is detected in the gamma count done in step 3 above, the 
initial set of beta counts must be discarded. Thus, data 
obtained in step 4 marks the initial set of results. 

9 . Using data taken at the longest decay periods 
(i.e., the time longest after sample removal), interfering 
gamma emission counts are "stripped" from earlier data using 
known half-life data, and the proportions of isotopes 
detected in the gamma analyses . 

10. After all interfering emissions are stripped, 
the data taken at earlier decay times is examined for 
evidence of single decay curve emissions. This is generally 
done by plotting stripped data in semi -long form looking for 
linear sections of the curve. These linear regions are fit 
to first-order equations using the method of least - squares . 
Results obtained are compared with listed values for unbound 
neutron lifetime, and with decay period information to 
assure that signal-to-noise conditions are within reason. 

Evidence that neutrons are trapped in the 
fullerene molecule consists of the presence of a pure beta 
emitter in the fullerene that remains after the counts 
resulting from the gamma emitters have been stripped from 
the raw data. The pure beta emitter has a half life of 
about ten minutes. There are very few pure beta particle 
emitters with a half life anywhere near ten minutes. The 
rarity of these pure beta emitters, their chemical nature, 
and the chemical nature of the fullerene all point to the 
conclusion that they cannot be the source of the pure beta 
emitter observed in the irradiated fullerene. The only 
other possible source of the radiation is the decay of free 
0 neutrons . 

While the foregoing product and method herein 
described constitutes preferred embodiments of the present 
invention, it is to be understood that the invention is not 



